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STRESSES DEVELOPED IN SBAPIAITES WHILE TAKING OFF AlID LAfTDING* 

By HTidolfo Verduzio 

DEFINITIOIT 03" TEE PROBLEM 



The many recent improvements In aircraft irhose weight, 
however, cannot "be increased "beyond certain limits, have 

led to a. more intensive study of aircraft structures. 
This has resulted in a more rigorous application of modern 
principles of construction, hased on a tetter knowledge 
of the effects of oscillations and vibrations, thus great- 
ly reducing the frequency of failures. Really dangerous 
vibrations are due to the coexistence of minimum dimen- 
sions, elasticity of materials and faulty design. Moreov- 
er, failures may result from def oripati ons causing varia- 
tions in the aerodynamic forces of the same frequency as 
the vibrations themselves. There is need, therefore, of 
a thorou.gh analysis of the forces producing the greatest 
stresses both in air at rest and when more or less dis- 
turbed, 

uuch progress has been made in the knowledge of aero- 
dynamic reactions, to which engineers in every country 
have contributed, so that all the principal countries have 
published instructions for aircraft designers. Progress 
has also been. mado. in the determination of the possible 
reactions on every part of an aircraft under all the vari- 
ous conditions to which it may be pacposod, especially .in 
taking off and in landing. 

On an airplaixe an elastic system, generally consist- 
ing of pneumatic tires and shock absorbers, absorbs the 
vertical component of the kinetic energy at the moiaent of 
laniding. This phenomenon (fig. 1) has a double vibration 

* " Sollecitazioni alia partenza'"'Sd~ all ''ammarameii'to*,neel.i 

idrovolanti , " a paper presented at the twentieth annual 
meeting of the Societa Italiana per il Progresso^ delle 
Sci^enzsi Milan, Sept, 12-19, 1931. L^Aerotecnica, Nov, , 
1931", pp. 1343-1405. 
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with one frequency twice th.e othep,. Imt rather slow. The 
rapid oscillation occurs in the middle with a frequency of 
about an oscillation and a half in the second minute, 
which is not excessive considering the elasticity of the 
system. It is always possible, therefore, to arrange 
things 80 that, in normal landings, the maximum impact 
force does not exceed a certain fixed value of five to six 
times the weight of the airplEuie* 

In the case of a seaplane, however, the lack of elas- 
tic shock absorbers, the presence of which might be quite 
dangerous, especially in taking off, makes it necessary to 
give some consideration to the phenomenon of landing. Spe- 
cial consideration must be given the process of taking off, 
since even moderately rough water may develop rather large 
stresses* Iha accident of June .5, in the waters of Capri, 
to our Minister of Aeronautics, whose skill in piloting 
is Well known, serves to demonstrate the importance of in- 
vestigating the stresses developed on the. bbt torn of floats. 
The purpose of this communication is to show what has been 
acconplished in Italy and other coxmtries- and to draw a 
few useful conclusions. 

lAlTDIlIG OP A FLAT-BOTTOMED FLOAT 



In May, 1931, Dr. Friedrich Seewald published a re-» 
p-ort, in which he gives a general view of the impact phe- 
nomena during the take-off and landing of a seaplane. 
(Reference 12.) After a thorough examination of the head 
resistance of floats in taking off and of its determina- 
tion by iaeans of models, establishing its dependence on 
the angle of impact or on the moment about a transverse ■ 
axis (already established by the British in 1920), he dis- 
cusseiB the Impacts of a float' while taking off and landing. 
The phenomenon of alighting on smooth water is mubh sim- 
pler than oh rough' water ,~ where high momentary stresses 
are develbpisda 

Qualitatively the impact phenomenon under discussion 
is deflnied by elementary mechanics and may be compared 
with that of a body falling from a certain height on smooth 
water, coming first in contact with the surface.and then 
gradually immersing at a finite velocity untii' brought to 
rest; Assuming the water'and the body' to be nonelastic, 
the impact fbrce and, consequently, thepressure would be 
infinitely great, while the time required for the float to 
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J.ose its finite velocity irould "be infinitely -small, and 
the quantity of "water instantaneously, di splaced. "by the 
"body would "be finite. The fact that the body is not de-, 
stroyed is due to the elasticity of the latter, and of the 
water tut, in the case of a hull with a flexihle "bottom, 
it is easily demonstrated that the elasticity of the water 
is so . small in proportion to that of the hull that the 
Water may "be considered nonelastic. 

TThon the falling "body touches the surface, of the wa- 
ter, the ho.ttom lay&r of the hody is retarded, while the 
remaining parts continue their motion, therehy' producing 
an elastic force due tio the consequent 'deformation. The 
lowest strattun of the body and the upper stratum , of the 
water in contact- with it, will be accelerated downward oy 
the elastic force, while the rest of tho body is being 
retarded. So long as the velocity of the upper-part of 
the body is greater than that of the accelerated water, 
the body will continue to be compressed, and consequently 
the acceleration communi ca,ted to the water underneath will 
increase up to a maximum corresponding to the maximum com- 
pression of the body, Prom this instsint the body gradu- 
ally resumes .its original form, and the impact force grad- 
ually returns, to zero. In the majority of cases the body 
is then dpformod in the opposite direction and the impact 
force .act s as sl, tensile force. The complete phenomenon of 
compression .-and. tension may be repeated several times with 
gradually damped successive oscillations. Only the part 
of the phenomenon corresponding to the first compression 
is of static interest, as this produces the greatest . 
stresses., v . ■ '. 

In: the case of a flat-bottomed hull or float, the low- 
est stratum of the body , whi oh fir st • aomes in contact with 
the surface of the water,, is retarded, while the other 
parts, of the float or seaplane cbntinue.j in the first In-? 
stant, to move at the original velp city and are thien grad- 
ually retarded as . the elastic members .are cpmpresBe.d. 
while a force begins to act on the bottoJlK ffl.f., the float, 
and the underlying mass of water is accelerated. The great- 
er - the elasticity, the. more gradually the- force generated 
on the. w.a.t.j8x^ln creases and, con.sequently (the. total accel- 
©ration of thg water boiiig dt'stri'buted- over., a Iqngex.*^^ 
the. smaller the impact force, , This prin.ciple applies to. any 
form of -flpat but, when the bottom is flat ■ and parallel- to 
the surf ac-e- of the water, it depends only on the, elastic- 
I'ty't: providB.d th^ "impact f orce , i s finite. . 
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The magnitude of the impact fo.rCo depends not only on 
the elasticity, hut also on the 3h!ape of the surface com- 
ing in contact with the water, since 'this determine^ the 
mass of water to hiB accelerated, "Hence, in the case of a 
y-hottomied "float, at the "beginning of the impact on smooth 
Water, only a small mass of water is accelerated, "but, ' as. 
the immersion increases, the mass of accelerated water 
also increases until tlie float has reached it^ full depth. 
Thus the 7 'bottoja acts as a shock ahsor.her, di strihuting 
the force of the . impact over a longer period of time. On- 
ly the elasticity aff.e.cts the value of the acceleration, 
while the T "bottom affects the mass of water accelerated. 
This would call for a 'pronounced. V "bottom which, however, 
wotiid impaii' ■ the -hydrodynamic qualities of tho hull or 
float, . A libderate V hottbm is the moat practical solution, 

in landing on rough water, the phenomenon id the same 
qualitatively, "but the impact force cannot "be determined 
"by any theory thali does not take into account the charac- 
ter of the waves, which .vary in height and direction and . 
in the. relative position of their surface and of the "bot- 
tom of the float, A V."bottom may even happen to "be in 
the same condition as a flat "bottom, (tilted) , in which 
case only the elastipity can prevent rupture. Hence it is 
particularly dangerous to land on rough water with the 
waves piarallei to the direction of landing. Experience 
has shown, however, that floats with T hottoms "behave "bet- 
ter, even in this case. 

When the waves meet the "bow of the float, which is 
usually the casei, the phenomena now under consideration 
(taking Off and landing) are almost the same as on smooth 
water, hut the velocity of the wind is greater, "because 
the. component of the air velocity due . to the inclinatioa 
of the surface of the waves i s -greater. Hence the forces 
are greater and only a suitable bottom angle can keep them 
within toiera"ble limits. Since the structural elasticity 
of the "bottom and of the other parts is already sufficient 
fo^ the "brief period of impact, any greater elasticity 
would produce apprecia"ble deformations of the "bottom of 
tie hull, which might unfavora"bly affect the take-off of 
the seaplane. It is fortunate that the oscillations due 
to the. wave motion are considera"bly slower than those due 
tO' the impacts, and it is therefore possi"ble in most cases 
to construct "bottoms with such a degree of elasticity as 
to "be considered rigid with respect to the effect on the 
hydrodynamic lif t^ hut sufficiently yielding as regards 
the momentary impacts. 
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LAITDIirG OP A. V-BOTTOMID TLOAT • . 



A thorougli investigation of fixQ landing. of seaplanes 
has 'bee'n made "by Dr. Eer'bert Wagner. (Beferences 16 and 
17,) At the instant a V,tottora first touches ' the surf ace 
of still water, a certain quantity of water is accelerated 
downward, so that the float is subjected to an upward', 
force J, The accelerated liquid is thrust out laterally 
and the level of the water is raised on the sides of the 
float. Since the atmospheric pressure on tho surface of- 
tho water is uniform, the pressure : gradient duo . to the 
displacomont of the wator.is perpendicular to the surface 
at tho point' considbrod, so that the resulting apcelera-r . 
tion and velocity of. the particles of watet near the sur- 
face are normal to the surface itself, From this it fol- 
lows that, at a distance from the surface! of contact, the 
elevation of the water surface being very small, the ve- 
locity is very small and nearly vertical. The velocity 
increases toward the edge of the contact surface, and' at" 
the edge of contact, if the velocity 1 s high enough, the 
water, is sprayed laterally. Here the pressure is the . . 
greatest, and the energy contained in the spray oq,- i^esponds 
closely to that of the impact. 

Along, a sec.t,ion of the .surf ace of contact, the pres- 
sure results from' the reaction of the water against, its 
downward motion. In the middle of the V "bottom, the wator 
already has a downward motion, while in flowing toward tho 
edge of the contact surface., tho wator, which oven had an 
upward motion at first, is given a downward motion, espe- 
cially at the edge of the contact surface. Hence the hpt- 
tom pressure gradually .decreases from a maxi'mum at thfi 
edge o.f contact to the center and then gradually increases. 
If a float haS; a relatively small mass, it may happen , that , 
toward the end of tho ^mpact phenomenon, at. the .' OQ^ter of 
tho float, the prossuro rosu'lting from •fcho .imimqrsion is 
smaller than the negative pressure due to the existing ve- 
locity of the water previously aocelerated downward. There 
is then a negative pressure at. the center of the .float, . 
while the high pressure at the edges has the. final ef.fect 
of retarding . the impact.. 

Lastly, when the edge of the contact area Is iat the, 
edge, of the hottom^ the impact phenomenon, ends with the 
gradual immersion of the. float , supported "by. the .static . 
lif.t. qf..huoyaiiQy,.^ which Was. negligib 
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A detailed siaalysis of tlie flow leads to the assump~ 
tion that, in the vicinity of the spray and therefore for 
large inclinations of the water surface,, the velocity of 
the superficial particles of water may he represented as in 
Figure 2, i.e., as the geometric sum of a constant veloc- 
ity tangent to the surface and of a like horizontal veloc- 
ity, eaich of w^ich is the velocity increment of the impact 
zone, Honco the spray has nearly twice this velocity. 

As ^wn in. Figure 2, the magnitude of the impact 
force depends, on the initial velocity Vq at which the 
float strikes the water, as well as on the ratio of the 
size of the craft to that of the wave, Ihus,.. if the waves 
are small (fig. 3), the forward aind after steps of the sea- 
plane strike the cr.ests of the waves more or less simulta- 
neously and. there is no appreciahle pitching^ Ifj on the 
contrary, the waves are large as compared with the sea- 
plane, the latter may strike the wave on the forward part 
of the : hull and may bounce off, especially if the hot.tom 
is hroadi The speed, of tlie seaplane is reduced, "by the im- 
pact and, the controls having largely lost their efficacy, 
the. seaplane is in danger of injury from the subsequent 
impsact; If the after part of the hull first strikes the 
wave, the retardation is slight and the seaplane, after 
pitching forward, strikes the water at increased speed on 
the. whole bottom, area, of its forward part and is. in dan- 
ger of;' being staved , in, 

POSSIBILITY 0? iiODBl TESTS 



The act of taking off does not differ substantially 
from, that of landing, ejccepting that the succession of 
eveiits 6 c curs in the reverse order. The act of taxying on 
smooth water and especially on rough water, where the 
greatest stressee are produced, is like that of taking 
off 

Having. thus qualitatively defined the phenomenon of 
the impact of; the hull or floats of a seaplane in the 
above-menti.oned maneuvers, let us see whether it is possi- 
ble to determine; the magnitude of the impact force and its 
distribution or, which- amounts to the .same thing, the dis- 
tribution of thd water pressure and the accelerations un- 
dergone by the e.g. of the seaplane. Since the greater 
is-tresse^ ' are. 'produced on rough water, in which case no. 
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rigid- theory is possihle, and since , • ©h -the other hand, 
the theoretical- inTi8j,t.igation i s only even on 

smooth water for which there are eaperilDaental correction 
coefficients and factors, it is necessary to resort to ex- 
perimental results for e stahlishing the maximum limits of 
the impact . forces and accelerations, while the more or 
les3 approximate theories give us an idea of the magnitudes 
involved in the impact phenomenon under consideration, 

. T7hen a float or hull strikes the water' or moves along 
its surface, a force is produced which is chiefly the re- 
sullJant of three components, namely, the frictional re~ 
sistance of the surface under water, the inertia of the 
accelerated partiole.s of water and a force due. to the wai- 
ter pressure, which varies with the depth of immersion. . 
These three principal components do- not follow the same 
laws when the measurements are varied. The forces due to 
the inertia of the water ohey the law of the squares for 
the resistance, or the force increases proportionally to 
the product of the density of the water, the area of the 
immersed, portion of the body and the square of the veloc- 
ity (laws of ITewton) . The forces due to the water pres- 
sure vary according to the- laws of Proude, geometric sim- 
ilarity "being assumed, on condition that the ratio "between 
the impact and static pressures remains constant in hoth 
cases* The need, of' Respecting the above-mentioned laws 
defines the relations "between the velocities and dimen- 
sions of similar "bodies. Hence, if there were no friction, 
it would "bo possible to transfer the results' obtained with 
any float to another geometrically and structurally simi- 
lar one. However, since there arc frictional forces, the 
transfer can bo made with respect to the magnitude of Rey- 
nolds Humber, This new condition reduces the ratio of 
similarity to unity for the • same velocity. It iS;conclud- 
od, therefore, that exact results must be obtaihed tht6ugh 
experimentation w:ith full-sized craft,- 

The impact forces in which we are now interested are, 
hoi/ever, of a higher order of magnitude than the fric- 
tional forces developed in taxying, so that we iaay disre- 
gard the frictional forces and' those which form wayes,- in 
comparison with the forces of - inertia, and therefore con- 
sider 'd^^nly'th^^^TatTs: of llewton ' in- rthe ~t-ran-si»tion from mod- 
els to full— sized craft. It should be noted, however,, 
that the" elasticity of the whole greatly affects the mag- 
nitude of the impact forces and, since elastic similarity 
is impossible between a small model and a full-sized craft, 
only the experiments made with the latter can be consid- 
ered. 
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Ejcperiments witli models ;c£tn serve only, for floats 
witt.li skarp -T ■■'T>att'oms ,' 'in wli^cli' tlie elastic effect is al- 
m-tfst •B.'e.glii^i'ble* E*p-eriment'atipri witli models may also 
serve for the geiie'ral investigation of impact phenomena, 
provided, hdweyer, the factors pr_e sent have -tbeen defined; 
or for speeial investigatidns, . In ■ this conn-ection we will 
mention the experiments of S'. 'Watehabe (reference 18) made 
with cylinders teriainating in cones of 160 at the . vertex 
and dropped into still water,, which showed (fig. 4) that 
the theoretical curve is closely approximated to the ex- 
perimental one "by means of an empirical correction, name- 
ly, t>y multiplying the' relative ordinate? hy the constant 
coefficient 1,16; br as if the. angle of aperture, of the 
cone, were somewhat greater, i.e., the aperture formed "by 
the water rai.sed ' around the cone' (fig, 5)w. This also ex- 
plains some other discrepancies between the theory and 
Watenahe's experiments. 

The preceding restrictions do not apply, however, to 
ice searches in connection with the motions of rolling and 

.pitching on the water, since the impacts, being of very 
shx>rt duration, produce accslerations considerably smaller 

.than those due to the hydrodyiaamic and aerodynamic reac- 
tions on the hull, 

BRITISH PULL-SCAIS BXPEHIMENTS 



The oldest important experiments with full-sized sea- 
planes, regarding the stresses developed on the bottom of 
the floats while taking off and alighting, were made iu 
1919 and 1920 by the' British ITatiohal Physical Laboratory 
in collaboration with the Marine Aircraft Experimental . 
Establishment, Isle of Grain, 

Experiments with the very similar flying boats F 5 
and H 16, gave take-off speeds of 104 to 113 >:m (64.6 to 
70,2 mi.) per iaour for the P 3, and 115 to 123 km (71.5 to 
75,4 mi.,) per hour for the H 16^ and respective weights of 
4,500 and- 5,000 kg (&,921 and 11,023 lb.). In these ex- 
p-eriments' dt -Was found that, when taxying on rough water 
at a speed b-etween 50 and 70 km (31,1 and 43,5 mi.) per 
hour,-, the presstires were greater than in still water, and 
that the maximum "pressure of about 0,455 kg/cms (5,49 lb../ 
sq,iiiv)i' encounterted on the H"16, was near the axis of the 
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hull about halfwEty "between tho 13017 and the step.* Aa ox- 
coptional pressure - of - kg/oms (8,19 Ih, /sq..in..)... was 

fourid near the 'stop , 150111 nd which" thoro was a prossuro of 
only 0,03 kg/cm^ (.427 Ib./sq.in.). At the oxtromd. front 
end, the prossur'o did not oxcdod 0,183 kg/cm^ (2, 60- It,/ 
sq,ln,).- The maximum pressures word rdcorded while taxy- 
ing. -rapidly on the crests of the waves. While taking off, 
the maximum prossuro -of 0,443 kg/ oms (6,30 Ih , /sq, in,-) was 
encountered halfway Tjetween the tow and the' step, when the 
waves were 70 cm (27r56 in.) high and the wind was light, 
•Near the step the pressure was ahout 0,281 kg/cm^ (4,00 lb,/ 
sq.in,) . -In -a normal landing on smooth vrater the maximum 
pressure was ahout 0,281 kg/cm^. In rough water it reached 
0,443 kg/cEiS (•6,30 Ih, /sq.in,) near the keel in the middle 
of the front part of the float, hut this prossuro was lo- 
cal, the pressure in the vicinity being only 0,352 kg/era^ 
(5,01 lb, /sq.in,) . In a fast landing, a pressure of 0,611 
kg/cm2 (8,69 Ibc/sq.in.) was rogisterod at the same point 
and pressures of 0,352 and 0,443 kg/dm^ (5,01 and 6,30 lb,/ 
sq.in,) in the vicinity. 

Similar experiments were undertaken in 1924 on a P 5 
flying boat weighing 5,210 kg (11,485 lb,), but the shocks 
produced in the various maneuvers were no less severe than 
in 1920, though the pros stir es were lower. IJo measiiromsnt 
was made aft of the step. The results of these important 
experiments were published inHoports and Memoranda Fos. ' 
683 and 926, of tho British Aeronautical Research Commit- 
too. (References 1 and 2.) 

Important investigations were recently made in the 
Unit-ed States, We , will first mention, however, a. 'few ex- 
periments made in E:i;igland by the Short Brothers in 1929i . 
The object of these experiments was to deteriaino tho wa- 
ter pressures on tho bottom of seaplane floats moving at 
a high uniform speed. -, Wo roprosont in ffiguro 6 the dis- 
tribution of the prossurbs mbaSUrod on a flat plat-o towgd 
at 16,5 km (10,25 mi.) per hour^with an inciden'co 'of 1.0 , 
and in Figure 7 the same distribution under the bottom of 
a float model, cor j*e spending to full-scale tests at a 



* 1 1 app e ar-s'-^that - 'the- -st ep wa s i n v en t e d^, by_^.Hamil s ' in^ 1872, 
when there 'was" no such use for it .as now, Eamus wished to 
use it on ships, but Proude readily demoh'straied that it 
would be only a di sadv^-ntage. 



10 



17,A. C.A, "Technical Memorandum JTo; 677 



sjx^ed of aiout 55 km (34 mi.) per hoTir^ A* Gouge, Qeneral 
Manner and Qiief Designer of. the Short Brothers', ohserved 
that, since the results may differ as much as 10 per cent 
from thosje of full-scale tests, only the lines of equal 
pressure are approximately correct . The maximum pressure 
was foxiad to he on a par't of the keel in front of the main 
stepi- This .point of .maximum pressure shifts as the speed 
increases., its change in location heing a function of the 
speed. For a given point X, suitably selected, the max- 
imum .measured pressure is 0.422' kg/cifls (6.00 1 b , / sq.in;) , 
corresponding to a speed of 70 km (43,5 mi.) per hour. 
Above this speed, the location of X is outside the water, 
and the pressure at that point is zero.. (Pig. 8,) The 
distribution and intensity of tHe water pressures on the- 
bottom vary with the sharpness of ' the bottom. 

Many British treatises have re cently • been published 
oh the problem, of the directional stability of seaplanes 
while talking off and landing and on the total water re- 
sistance to the floats. 



AliEEICAlT PULl-SOALE EXPEHIMEHTS 



The most important and conclusive investigations, 
both as regards the quantity and the quality of the re- 
sults obtained, were made by the National Advisory Commit- 
tee for Aeronautics at the request of the Bureau of Aero- 
nautics of the Uavy Department. (Eeferences 13, 14, and .15. 

The . results were published in Technical Reports ITos, 
290, 328, and 346 by L, Thompson, in the years 1928, 
1929, and 1930, respectively, and refer to tests made on 
flijats and hull, as follows: 



1. 
2. 



On a seaplane with central float; 
On, a twin-float seapleuae'; 



2. On ia flying boat. 

The seaplane used for the first series of tests was 
a 7ought UO-1, a two-place, single— engine biplane with 
-wooden float. 'Its specified stalling speed was 55,5 miles 
per hour, and its gross weight was 2,764 pounds. The 
single step was 2.5 inches 'high.-, and the angle of the . af- 
ter keel was 5°. 
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The seaplane used for the second series of tests was 
a TS-1- single-place, one-engine "biplane, that could "be 
equipped with either floats or wheels. As a. seaplane it " 
had a specified gross weight of 2,123 pounds and a landing 
spaod of 60 to 65 miles per hour. The .single step was 2 
"inches high at thb keel , and the angle of tho after keol. 
was 5,5°. , _ . 

In "both seaplanes, tho deck lino was parevl^ol to the 
thrxist axis. In the UO-l the Tsottom V was 140 ' (angle of 
"7" of 20°), remaining uniform from, "bow to stern.. In the 
TS-1 the "bottom T. was 146 (angle of V of 17 ) , heing al- 
most uniform toward the "bow, "but increasing to 148° (angle 
of V of l6°) at the sterna . The essential characteristics 
of these two seaplanes are shown in Figures 9 euid'lO. 

The flying "boat used in the third series of tests was 
a Curtiss H-16 twin-engine "biplane weighing a"bout 10,000 
pounds and landing ..normally at a speed of a"bout- 50 miles 
per hour. It was constructed of wood, . The ' side- gpoiisons, 
or fins, extended the "bottom lines considerably "beyond the 
true chines. It had two steps, the main step "being tho 
forward one. The keel angle "between the steps was 4°. 
The "bottom 7 had an aperture of 137° at the stern and 138 
at the "bow. The geometrical characteristics are shown in 
Figure 11. 

At various points or stations on the "bottoms of tho 
floats, as indicated in Figures 9-11, the water pressuros 
wore measured "by means of special rocordiiig units, each 
unit "bolng a solenoid which deflected a' hoam of light "by 
steps wh^n the current was varied "by the action of four 
pistons, Bach piston was held in place hy a springof. 
known tension,* TThen the force acting on the piston ex- 
ceeded the tension of the spring, it caused a slight disr 
placenient of the spring, there"by closing an electric cir- 
cuit which indicated that the original tension of tho 
spring had "been exceeded. Bach unit containbd four of 
those pistons or pi^-uagers with four distinct progrossivo 
adjustments of . tho springs. In this way tho offoctivo 
prossuro on tho bottom was comprised "between two success-' 

ive adjustment B.. 



♦The pistons were actually restrained "by air pressure... 
rather than "by" springs as stated In' the original te.xt ,. ;The 
general principle of operation was as stated,- however. 
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. Ilie oTjJect of tlie tests teing to reproduce the most 
difficult conditioias for landing and for other maneuTers 
of a seaplane on the water,, they were conducted with the 
greatest skill and ■bbldne^s^ and not without danger to the 
pilot, since t!ie stresses were liahle to rupture the plank- 
ing, or olbhisr parts expc^pd. to the water. The tests were: 

a) Take-offs from smooth and rough water; 

h) Taxying. on., smooth and rough water; 

c) Landing with engine stopped; 
. d) " " " running;, 

. e) I* " houncing or pbrjioising; 

• .. f) at high speed; 

g) Cross-wind landing with wind from the right; 

h) » " <| " " " left. 

The taxying tests were made at low speed, in order 
not to have the hull on the step, and consequently unre- 
sponsive to the controls, and at different speeds, or on 
the step, with the craft ohedient to the controls. These 
tssts yielded a complete series of data from -which were 
derived the following diagrams pertaining to the static 
properties of the flying "boat, , 

The tests made with the UO-1 l,ed to the ohservation 
that the highest pressures occurred immediately " forward 
of the step for the full width of the float bottom. Going 
forward from the step, the region of high pressures nar- 
rowed toward the keel and the magnitudes of the maximum 
pressures decreased, figures 12 and 13 give a clear ide$i. 
of the phenomenon, .. 

The maximum pressures occurred in rough water, espe- 
cially in taJcing off and in porpoising, or in fast land- 
ings and in taxying, or even in poor handling on perfectly 
smooth water. The latter may produce' high pressure's even 
where (the extreme stern, for example) rough water does 
not gqnpraliy produce excessive stresses. 

The water pressures on the 'bottom of the floats occur 
as successive impulses. It was noted, however, that the 
highest pressures occurred in the vicinity of and forward 
of the step, and with greater frequency, hut their dura- 
tion was less than 0,05 second and often much less; but 
other pressures with a duration of even 0,1 to 0,5 second 
occurred at other points simultaneoiisly with the above 
and trere repeated several times during a single run. The 
duration of the pressures always diminished, however, to- 
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ward the Tjow, Abaft tlie step the pressures- were of very 
B'iiOTt- duration (0.02 to 0,01 see,) . These results agree 
very well with those ohtained "by the Sritish in 1920 and 
1924, to which we have already referred,- 

The second series of experiments, based on the re- 
sults of the first, was more conclusive and enabled the 
determination of accelerations whoSe maximum values (up to 
4,3 g) were obt&ined in fast landings and in porpoising. 
The pressures' during these .maneuvers are- shown ijj Jigure 
14, which may b6 considered as a sufficiently accurate 
representation of the distribution of the maximuin pres- 
sures in hard landings with porpoising, although the max- 
imum pres-sures do not occur simultaneously. Since these 
are limited to small zones and short periods of time (0,01 
to 0,05 sec), Plgures 15 and 16 give an idea of the du- 
ration and travel of the high pressures above certain 
values already established, corresponding to two steep 
landings with porpoising,. In-'these figures there are two 
series. of curves, which represent the travel and duration 
of pressures exceeding 5 to 6 lb,/sq.in, along the keel 
and along the chine. The areas subject to high pressure 
are shown by the shaded areas in Figures 15 and 16 on one- 
half the projected float area,. The . interval s were chosen 
to show the areas when the high pressure is under the c,g,, 
in the middle of the forebody and near the bow, la the 
middle of the forebody the high-pressure area is a maximum, 
although the pressure is lower than at the other two 
points, (Fig. 14.) 

In addition to the above pressure, concentrated in a 
small area, it is necessary to consider a smaller pressure 
acting over a larger region and of. a duration of at least 
6,25 second following the high pressure. This was found 
to have a mean value of about 3 pounds per square -inch. 
It may therefore be asstuned that this pressure existed 
from the main step to the position' of the high-pressure 
area at any instant. Figure 17 is a rectangular repre- 
sentation of the pressures on the bottom of the forward 
part of .the float taken from Figure,s 14-16, The existing 
loads are obtained by multiplying these pressures by the 
corresponding areas on which they act. Figure 17 shows 
the area bf''"tKe^i'agr'aa, which evidently results in kilo- 
grams per meter. This, multijplied by the aperture of the 
floats, gives the effective load. There is also shown, ' 
in correspondence with e ach diagram, . the ratio between 
its area and the weight of the aircraft divided by the 
corresponding aperture of the float, "Hence this ratio 
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reprosents the dynamic load factor or, 17111011. amounts to 
tho samo- tiling, tho con.tingoncy factor for the given evo- 
lution, . 

The maximum contingoncy factor in the procoding tosts 
was found to^.l^p 6«8,. corresponding to an accel oration of 
4,3g.at tho. e.g. iho discrppancy in those figures is duo 
chiofly to inaccuracy in the assumed load distribution, 
particuleitly in the sustained pressure extending from the 
step to the high-pressure area, A small difference due 
to flexihility of the structure is also -to te considered, 
and there is a possibility that the load is unequally dis- 
tributed "between the two floats. Lastly, the point of ap- 
plication of the resultant force can he determined from 
the load distribution, 

.This investigation ended with the distribution of the 
pressures abaft the step and in. its immediate vicinity, 
where" negative pressures occurred in taking off. These 
negative pressures, which fluctuated greatly, were quite 
low and are of but little, importance for the static struc- 
ture of the float bottom. At high speeds, however, thoy 
■may causo considerable vibrations of the bottom and must 
bo taken into account, , 

The. third soriop of tests, made with a largo flying 
boat, completed tho program. The results- in landing and 
in taxying are plottod in Figures, 18 and 19, which con- 
firm what wo have already said" and show .that, in landing, 
tho maximum load is near tho step, while, in taxying, 
there is a moro extensive region whoro tho prossuro is 
greatest at the stop and kool and decrease rapidly toward 
tho bow and chine, forming a triangular distribution, 3o- 
twoon tho two step>s thoro is still considerable prossura. 
Abaft the .second stop tho pressure is very small, j 

Tho pressure distribution "^and its- relation to the ro- 
actipn of tho water is shown in PiguroB 20 and 21, which 
ropresont tho pressures and accelerations in two excop- 
tionally hard normal landings. Figure 20 corresponds to 
a glide without leveling off, so that the heaviest shock 
(acceleration 4,7g) .is experienced at the first contact 
with the water. Figure 21, on the other hand, represents 
a landing with light successive shocks with the heaviest 
one last (2,5g), after about 3 seconds. Both figur.es 
show a very small duration of the high pressures. On ex- 
amining these figures and the location of the pressure 
stations (fig. 11), tlje high water pressures are found to 
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act on a small portion of the whole Tbottom, with triangu- 
lar distributiqa. 

The maximum accelerations Were 4,7g vertical, 0,9g 
longitudinal, and 0,7g lateral. The maximum vertical ac- 
celeration occurred in the above-mentioned steep landing, 
while the maximum longitudinal acceleration was expe- 
rienced' in taxying on large waves, and the maximuin "later- 
al acceleration was produced while landing in a. cro as. wind 
or maneuvering on large wave's. In these tests it was. 
found that the vertical acceleration of the. e.g. va's ahout 
2g less than that of the hottom. 

The following may he considered as the critical load 
conditions: 

a) Vertical, applied under the e.g. in landing; 

h) Vertical, applied in the middle of the forebody 

of the hull, due to the effect df the waves 

in taJcing off; 

c) Longitudinal, while taking off or landing on 

rough water ; 

d) Lateral* while landing, in a cross wind. 

figure 22 represents the load corresponding to case a) , 
and the inclination .of the boundary of the pressure region 
can be held at 30° on the plane of the keel. The distri- 
bution of the load between the high-pressure region (which 
can be kept uniform) and the low-pressure region (also to 
be kept uniform) is in the ratio of 3,6 : 1,1, Figure S3 
represents the load corresponding to case b) , the limiting 
angle again being assumed to be 30°, but the high pressure 
cannot be kept uniforia and varies from keel to chine in 
the ratio of 1 : 0,4, while the load .distribution "between 
the two zones is in 'the ratio of 1 : 1. Lastly, it is well 
to observe also that the ratio of the loads in cases a) 
and b) is about 1 to 0.64^ 

. This triple series of tests leads to the following 
conclusions:' . * 
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A) Pressures on the Bottom 
For small seaplanes with lateral or central floats: 

1^ The maximum vertical pressures are ah out 0,7 kg/ 
cm^ (94§S lb,/5(i,in,) at the step and toth for special 
landings on the stern and , near the how; . 

2, ' Only the region near and ahaft the stop has light 
and even- nJS'ga-tiTe pressures; 

3, The maximum pressures act on a small arek and only 
for 0,01 ito 0*05 second;- '. ' ' ' 

4fc The socoadary pressures are always small in com- 

parisbil with the maximua, and are great of' near the step; 

< ~ ■ •' •■ 

5* The c'onditionis for the widest distrlhution of high 
pressures occur in landings abcompanied 'by porpoising and 
tend to develop high pressures near the how. The great- 
est accelerations of the e.g. -of th'e seaplane are also 
produced in this case* 

For lar.ge seaplanes with central hull: 

S, The maximum pressures occurred while landing and 
were ahout 1 kg/cms (14,22 lb, /so, in.) near the step and 
dropped- to 0.8 kg/cms (11,38 lb, /sq. in.) at the keel on 
the middle of • the bottom of the forebody of the hull, 

7, Between the steps there was a nearly uniform pres- 
sure of .0*55 -^kg/cmS (7.82 lb,/sq.in,). 

The distribution of the maximum pressures near the 
step i s' very similar in all three cases, but their magni- 
tude is greater for the flying boat,' This is due to the 
inclination of the keel toward the bow (figs, 9-11), which 
localizes ■ the pressures, as also to the angle of the bot- 
tom V and to the landing speed. The fact that the floats 
showed high pressures at the stern, which the hull did 
:iot, is attributed, to greater pitching moments in the 
float seaplanes than in the boat seaplane due to the 
greater height of the c«g. above the step. This also ex- 
plains the greater bow pressures in the first two series 
of tests. 
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. B) Accelerations 



8, the vertical acceleration component of 4»7g 
for tile eg, is not exceeded in a dangerous landing, "but 
the bottom of the float probably undergoes an additional 
acceleration of 2g in the hardest landings. In taking 
off, however, it may be assumed that the vertical acceler- 
ation of 3g is not exceeded, even when the water Is rough. 

9. In taking off from. rough water ^ there were hori- 
zontal accelerations of 0«9g and in landing with a cross 
wind there, was an acceleration of 0.7^, but, under these 
conditions, there was danger of submerging the wing. 



C) Contingent Load 

As regards the magnitude' of , the contingent load act- 
ing on the bottom of the float,, it may be .assumed to be 
the mass of the seaplane multliplied by the acceleration 
of its. e.g., a fact which is yerified in practice, the 
part :of the water.' re.action,- -absorbed by the f lexibility of 
the bottom being -off set jby .the load supported ,by tjie wings, 

■FULL-SCALE GEHMAH TESTS 



Another method of measurement was used by the G-ermans 
In their 1939 tests. This consisted in scratching with a 
diamond point on glass, without any transmission lever, 
the elastic deformations of the struts connecting the 
float with the' fuselagie and sometimes those of the re- 
sisting portion of the bottom of the float. The records 
thus traced were measured with a microscope. Vibrations 
and the effect^s of inertia were* thus avoided. The bottom 
pressure was recorded by a similar Instrujaent. A thin 
circular plate, fitted over the portion of the bottom 
where it was desired to measure the pressure, transmitted 
the defT.^iS'fctl'on'B— produced by the pressure without the use 
of a lever or other similar recd'i^dtrLg device/.. There was 
no danger of secondary effects from the oscillation of 
the plate itself, because of the much greater frequency 
than that to be measured. The seaplane used for the tests 
was a Helnkel HE9, D1617 singl e- engine , two-seat monoplane 
with two lateral floats, attached by steel- tubing struts . 
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of 48 kg/mms (68,273 lb,/sq,in.) tensile strength. It had 
a weight loaded of 3,000 kg (6,614 I'b.) moment of inertia 
ahout the lateral axis of 1,000 kg m s^ (7,233 f t.-lh. sac^ 
wing loading of 63.2 kg/m^ (12.94 Ih, /sq.f t . ) , power load- 
ing of ■ 4.25 kg/hp (9,i34 ITj./hp), and a'landing speed of 
80 to" 90 km/h (49.7 to 55.9 mi, /hr,). The fl\>ats had ei- 
ther flat hpttoEis, With a weight of 143 kg (315,3 Ih.) 
each and a tra^isverse moment of inertia of 49„9 kg m s^ 
(seo.g-ft.-lh.sec.s) or.V bottoms with p = 161°, a weight 
of 1'47,3 kg (324,74 Ih.), and a transverse inertia moment 
of 4r.6'kg m ^ (344»3 f t.-lh, sec,2 ) . Bach float had a 
volume of ., 3 iarS (105* 94 . cu.f t ,) . The other dimensi bns are 
shown on figure, 24, The results of the tests, as puh- 
lished hy v7ilhelin Pabst (reference 10) can he grouped in 
two categories: one corresponding to the stresses in the 
connecting siembers between the floats and the fuselage; 
the other corresponding to the pressure measurements on 
the bottom. 

The stresses in a member can be divided into princi- 
pal stresses corresponding to the structural arrangement 
and into secondary stresses due mainly to the moments, to 
the joints, to' the welding, and. to the vibrations. Many 
tests wejje .therefore necessary for obtaining a clear idea 
of the internal, stresses but, given the form of the tubeSj 
the te'nsioix in the extreme forw^d fibers could be assumed 
to. be proportional to the stressing o.f the members, and 
the total tension of the axis is therefore determined. 
The impact forces aire obtained by finding the resultants 
of the vertical and horizontal components of the forces 
in the members for each point of attachment. 

The tests consisted of landing wi-th idling engine 
land of taking off from relatively calm and rough water in 
winds up to 8 m/s (28 ft, /sec.) and gusts up to 13 m/s 
(43 f t,/sec,) . 

. iPigures 25 and 26 show the directions and points of 
application of the impact forces in taking off and land- 
ing, while jpjgurea 27 and 28 show the time intervals be- 
tween the in^tacts during the same maneuvers. figures 27 
and 28 also give the load factors corresponding to the 
various impacts, which closely approximate the factors 
obtained in America. 

The fact that some forces are not normal to the bot- 
tom of the float, as, they should be, since the water can 
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.act o^ljr per]p.endx;cul^ th.e 'bottom' of th.e float itself, 

the frictibnal force "being negligi Die, ' may te due ^;6" er- 
rors of Jaeasurement or interpretation, or to the tuTjes not 
l^eing of exactly the ' calculated cross sections, with pos- 
sibly neglected fixation moments and possihle irregulari- 
ties of the float "bottom. Lastly, figure 29 represents 
the curves of the. maximum vertical-impact forces encoun.r 
tered.in the structures of ihe' floats in' the various talce- 
offs and landings, and' for' various seaways, (Figures 3S 
and 39«) These curves terminate in straight lines pass- 
ing through, the step. In fact, since the resultiant must . 
"be at a distance of half the length of the contact sur- 
face, trhich is rectangulajr, the impact force must dimin- 
ish in proportion as the length of contact diminishes, 
other conditions remaining the same*. The inclination of 
the straight lines depends on the landing speed, the an- 
gle of impact and the shape of the float bottom. Since, 
as we shall see, the length of the contact surface in tsLi- 
ing off or landing depends on the form of the float "bot- 
tom, other conditions "being the same, tho inclination of 
these lines can give the moasuroment of . the effect of the 
"bottom V, Tho theory really indicates a somewhat greater 
effect, but this is attributable to. the deformation of 
the bottom and to. tho effect, recorded in the "SITaten.abe 
tests, of raising the. water on the .sides of the float. 

Since, for a given float, the magnitude. of the shock 
depends on the length of the contact surface, which de- 
pends on the condition of the water, this length may be 
taken as a criterion of the landing, possibilities of said 
float. The ratio between this length and that of the fore- 
body of the float may be taken as the criterion of ,the 
landing safety, indepei^dently of the seai^ay and" of the pi- 
lot's skill. Lastly, knowing the maximum length of the 
impact surface for the normal landing speed and consider- 
ing the maximum impact angle (taking account of the weak- 
est part of the float bottom), one can determine the water 
conditions under which the given seaplane can take off and 
alight. 

The pressure measurements on the bottom are not very 
linportantr^'beG'au-se of their s|mall num"ber. The single in- 
strument was used for a wooden float of the HE5 type and 
installed 35 cm .(13,78 in.) forward of the step and 20 cm 
(7,87 ini from the keel. 

a) On smooth wa ter,- While taking off, pressures were 
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measured of 1 to 1.35 kg/cms (14,22 to 19.20. 11), /sq, in,) 
with on© case of 1.6 kg/cms (22,76 Ih./sq.in.) ; while land- 
ing. 1.1 to 1.6 kg/cm2 (15.64 to 22.76 It. /sq.in.) , with 
two cases of 1.95 and 2.1 kg/cms (27,73 and 29.87 115,/ 
sq,in>) , 

• .. h) On rough water .- While taking off, 1,25 to 1.9 kg/ 
cm^ (17,78 to 27.02 11) . /sq, in. ) ; while landing, 1,45 to 
1,75 kg/cm2 (20.62 to 24»89 Ih./sq.in,) ; frequency of 70 to 
100 per second, ' 

iieasurement s were also made of the deflections of 
parts of the hottom, such as the planking, under the. ac- 
tion of pressure, and the mean load -jvas calculated "by meians 
of previously determined constants. The results, though 
less accurate than those obtained hy direct measurement of 
the pressure, agree with the results of the American ex- 
periments already recorded. 



KARMAIT'S THEORY (Reference 6) 



Prof,essor Thecdor von Earman, while in the United 
States in 1929', conceived a simple theory for determining 
a formula for, t.he pressure on the bottom of a float while 
landing, iand" developed an equation which gives the approx- 
imate magnitudes of the forces involved. 

Starting with the assumption that, at any instant, 
the inertia of the seaplane and' of the masses of w.ater 
and air involved is constant, and neglecting the mass of 
the air, which is small with respect to the mass of the 
water and which corresponds to a half -cylinder of radius 
c, one may write 

Y = ir—r=-^ (1) 

1 + P TT cs. 1 + p, 

'2 m 

where (fig, 30), in the immersion time t, with velocity 

7 in the liquid of density 'P, of the float with' a 'bot- 
tom angle of p = (180 -2a), c is the half-width of 
the immersed part of the float, of which we will consider 
a length equal to 1 and assume 'that the landing speed is 
Tg. and that the corresponding mass per unit length is m. 
For simplicity we may write the* ratio of the masses 
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. : , ,. M„=.P-E-£l . . (2) 

Since y represents the depth of immersion in the time 
t, . we may write 

V = If = tan a |2- (3) 

ut OLt 

The" iiapact force per unit of length will "be ^ 



I • dt (1 + - 2- tail a 



and the mean pressure> will "be ' . 

J TT P 1 ,\ 

Pm = — = 7 ^ ——^ (5) 

. 2c _Cl jb-M.) 2 tan a 

Evidently the maximum value of this mean pressure is at 
^ the first contact, when 

max p^ = TT P To« 3 ^ an a . 

which corresponds quite well with the American tests, 

' The possible ohjection to this formula is that, when 
the "bottom angle is 180°, Pm = » • This is due t.o the 
fact that Karman "began with the assumption that water is 
incompressi'ble, and that the float "bottom is perfectly 
rigid. By assuming, instead, that the momentary pressure 
increase in a fluid occurs with the velocity v of the 
propagation of sound in the fluid, we o"btain 

Pm = P ▼ ^o . CV) 

which gives exaggeirated valui^a, because no allowance is 
made for the ielasticity of thie "bo'tHJom and for that of 
the whole seaplane structure. 
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•THEORY 01' THB.PIiAT ELASTIC BOTTOM. 

A year after Karman, Dr. Wilhelm Pahst published a 
mo-re .complete, theory of the landing impact .of seaplanes, 
(Reference 9.) 

After calling attention to the fact that, considering 
the velocity of seaplanes, the water resistance is largely 
due to the mass of water accelerated, the wave-producing 
and frictional resistances being negligible, he shows that 
the force of the impact is greatly affected by the elas- 
ticity of the seaplajae, since the compressibility of wa- 
ter is negligible in comparison, For the determination 
of the total impact force i he' shows that the portion of 
the float bottom 'subjected to the impact depends on the 
mutual' positions of the float bottom and wave surface com- 
ing in contact ahd that it is necessary to make simplify- 
ing assumptions, such as are- made' by G-orman naval archi- 
tects, for certain water conditions and lastly to define 
certain forms of landing. Ho then as sumo s that tho maxi- 
mum, shock supportable by a seaplane is produced in land-' 
ing as shown in Pigure" 31, qr in taking" off at insufficient 
speed. 

As Earman shows the accelerated mass of water to be 
that" contained in a half-cylinder of diameter equal to the 
width of the immersed part of the bottom, thus, adopting 
the hypothesis of Lamb jand assuming the density P of the 
Water to be constant, Pabst considers, for an absolutely 
rigid plate of width 2c and infinite length, a value of 
the accelerated water mass given by the formula 

' , ■ A Ma = P - J A I. (8). 

But, differing from Karman, he assumes that this formula, 
valid for infinitely long bottoms, is not applicable in 
practice, due especially to the fact that the width 2c 
of the zone of contact is greater than the length I, 
and therefore the value of -the accelerated mass is modi- 
fied, Pabst therefore made an accurate series of tests 
for determining the mass of water accelerated by a plate 
of finite length and came to the conclusion that (fig« 32), 
for large values of I /2c, the curve is parallel to the 

line P — c^ X (formula 8), while the curve apioroaches 
2 . " , 

P T c for very small values, Tor values of — — = 1 to 

4, 2c 
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2, wliicli he assumed to te the values corresponding to float 
l)ottoins, it is necessary to sut tract the constant P H c^ 
(which must he considered as the edge effect) from 

P ^ cs I . Hence the mass of water accelerated hy the sea^ 
plane is 



Ma = P. I * I (l - f ) (9) 



Plgure 33 is a schematic rep re sent at ion of ,a seaplane- 
float system. The mass U of the seaplane id concentrat- 
ed in its e.g. A spring, assumed to have no mass and exr 
erting. a force of J = Zf is connected with the float 
bottom, also assumed to he without miass. The latter ac- 
celerates a mass of water Mg, in an immersion time t in- 
itiated with a vertical velocity Vq and being . (during 
the time t) the weight of the seaplane (minus the lift of 
the wings) v P. The equations of motion (considering the 
elasticity and disregarding the damping) are. ..then 



d2 X, 

M — -i. = Z f - V p 
dt® 



d^ xp 

Ma J^T- = - K f 



(10) 



where Xj^ - = L - f , L heing the initial length of 
the spring. Por f lUi t bottoms Ma = constant, while for 
7 bottoms with straight sides Mg, = <P . In general, 
for bottoms of any shape, Mg, = f (xg ) , The integrations 
can be made either graphically or "analytically. Tor flat 
bottoms the maximum impact force is 



Jmax = y (u e M)= +\ V^f Z M + u g M (11)- 

in which 

■ ... n = a_ 

M + Ma 



For a' iTirst" approximation, observing that the mass 

Mg, is about 20 per cent of the mass of the seaplane, 

that u is less than unity, and that Z is very larjge in 
seaplanes, we can write 



Jmax = Vo y Z = VoJ^ <P 



(12) 
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Thet formula,, obtained- "by. integration from equations (10), 
J = Kf = y (v,eM)= + Vo^ KM , sin ^ " + vgM (13) 



where 



arc tan 6 = /S 



gives the value of the . elastic, impact J and shows that 
the latter represents a vibration of the system whose mass 
is. the sum of the. various masses of the. sisaplane. The in- 
itial conditions of vibration are given by th© relati^re 
motion of the masses -at the beginning of the impact. 

The eccentric impact is obtained approximately by 
substituting, for -the actual mass of the . seaplane, the re- 
duced mass 

M».= M / ^ ■ ■■ (14) 
i + r 

where i is the radius of inertia and r is the distance 
of the impact force from the c,g» 

This diagraming of the seaplane with a flat-bottomed 
float yields excessive results, since the elasticity is 
really distributed throughout all the parts of the seaplane* 
This fact" led Pabst to investigate, the problem by assuming 
a succession of rigid masses elastically connected with 
one another. The division of the seaplane into two masses 
leads to serious analytical difficulties, though it final- 
ly yields simple results, Figure 34 represents the above- 
mentioned graphic method. and 8:1 represent the mass 
and inertia moment of the fuselage, wings, tail, and en- 
gine, rigidly connected with the line AB. Ms and B2 are 
the mass and inertia moment of the rigid float, connected 
with the fuselage by two elastic members assumed to have 
no mass but having elastic constants Ky and K-j^^. The 
float bottom, without mass, is elastic with constant Kq 
and accelerates the water mass Mg,. The eccentricity of 
the impact is represented by r,' The other quantities 
are clearly indicated in Figure 34, 

Sj' - applying the equations of Lagrange, we obtain 
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whicli represents the kinetic energy of the whole system 
with. the reduced external force I.j.... for the coordinate 

of the point i of the mass considered-, q'i - heing 
the derivative of with respect to t, successively 

to. the quantities li^^ , 9^^, Mg, , Mg^, hearing in mind 
that the external forces are the elastic reactions con- 
nected with the very complex system of equations: 

Ml + (Ki;+Kii)fis + (Kva-Kjil3)q>^3=0 - . ■ 

01 (Zya-Zhl>)fis+ (Kpa2+Kh'b^)q>is=0 



dt^ 

dt^ 

d^qpa 
dt^ 



- (Ku+Kii)fis- (Ki,a-Kiih)cpi2+ I?Bf3 3=0 . (16) 

- (Ei,a-Kixh)fi3 - (K^aa+Eii-b^ )9i8 + Zarfsg =0 



d^Xg - _ n 

Ma ij^^s - Kg fga - 0 

which, after a douhle differentiation of the formulas . 
Xi -3e =Li -fi2 ; +r CPs -X3=L2 -fse ; e cpi -cps= cp^g 

yield the system of equations for the eccentric impact of 
the two-mass system for any arbitrary di strihution of elas- 
ticity hetween the two masses 



„ MS = 
dt^ 



d^cp 



IS 



dt« 



(%a-Kiih) '^^ + fis-CEya^+^h^) + — •jq'is +■ 

- .r. fs3 . (17) 

OS . 



dts 



IS 
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These equations represent compound vihrations similar to 
the torsional vihrations of shafts, • 

In order to arrive at a conclusion, Pahst considered 
the impact centered on the step (r = 0) and made certain 
simplifications hy putting ,= Eh = e/2 and a = "b = 
1/2. Under these 'ctin'dit ions the system could "be integrat- 
ed and th-e impact forces 



Ji = Ki fi2 and Jg . = Kg f 



S3 



corresponding to the masses Mn and Mg , then hecomot on 
the fuselage and accessories (mass M^.) 



where 



j\ = Vo -/k M (cpi sin \i t - cps sin Kz t) 



A = 3. 
2 



e c 

E 



e c 



2B/A+B 



» H>3 =. 



•2b/a:^ 



. r B. ... s 



(18) 



B = I / r° 

2 V .V r s 



r + s s + TTsf , 4 e c 

e ■■ _ ■■ ] + — -5— 



s J 



and on the float' '(ii^ass Mg) 



Xs = / I (A - B) 



Js = toV K U (- sin \i t + -^Irg sin Xs t) 



-Where 



(19) 



_ e vA-3-C 



2 B v^A + B 



2 B . /"a - b" 



0 = c 



r -h s 
r 8 



and the symbols. .have the following significations: 



r = 



8 = 



V = 
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M = Mj_ + Mg = total mass of seaplane 

Ml _ mass of concentrated parts .: fuselage, wings, 'tail, etc, 
M total m:ass of seaplane 

Ms mass of float ■ "... 

M "total mass of seaplane . ^ 

Ma ecdelerat.ed mass of water 



M total mass, of seaplane 
Vq = vertical speed of descent. 

Z = total elasticity of seaplane between masses Mx and Ma* 

_ Ki elasticity lietween the masses M], and Ma . 
° ~ Z ~ total elasticity of seaplane ' 



e = 



Es elasticity between the masses Mg and Ma' 
Z total elasticity of seaplane 



Tor using these formulas, it is necessary to know Mi 
and Ms, which are easily measured, M^ given by formula 
(9), and Vq. The elasticities Ki and Zs are generally 
difficult to "calculate, Z^ being often more difficult than 
Ks, These can be determined experimentally, however, and^ 
the author shows how this was done ini the Ststic Division . 
of the D.V.L,, by H. Hertel and Leiss on a twin-float Hain- 
kel HE8, This consists in determining the number of vibra- • 
tions of the individual parts by means of resonance with . 
the revolution number of a rotating mass eccentrically at- 
tached to the fusel 9.ge of the .seaplane, which is elastical- 
ly suspended. To determine the elasticity between the float 
and fuselage, one objserves at what revolution number of the 
rotating mass the whole seaplane vibrates in resonance with 
It, Knowing this vibration number and the mass and inertia 
moment of the fuselage and float, the .definitive elastic • 
constant is. determined by known f.ormulas. 

However, the experimental case does not correspond to 
the simplified assumption = Kh. resulting in Eh = a> ' 

by simply applying the preceding formulas to the seaplane 
in a landing case as represented in Pigure 31, the horizon- 
tal landing speed being 90 km/h (55.9 mi./hr.O, tlie slope 
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of tho flight path about 12°, corresponding to Tq = 5,2 
m/s (17,05 ft, /sec), and assuming the length of the "bot- 
tom striking the water to he about 1,2 m (3,94 ft,) and 
taking into account that c = m 0,605, M = 305 kg mass. 
Ml = 275 kg mass, Mg = 30 kg mass, = 46 kg mass 

(equation 9), and that, from the experiment = 574,000 

kg/m. Eg = 3,500 kg/m, Z =• 483 , 000 kg/m, and hence, 
r =0,9, s = 0,1, w = 0,15,- c = 1.16, and e = 7,25, 
He comes to the conclusion that the respective impacts on 
the fixselage and on the float are. 

Jl = 17,800 sin 94 t - 3,820 sin 450 t 

Js = 36,800 sin 450 t + 4,820 sin 94 t 

the frequencies of the impact phenomenon being n' = is/s 
and n« = 72/.S..* 

As was to be expected from the preliminary hypothe- 
ses, the impact was purely elastic. In practice the im- 
pact is daBjped by the. effect of the internal damping of 
the material and by friction in the connections, Joints, 
etc. There were no experiments for this damping action. 
According to Plank, Honda and Konno, the damping due to 
the material is directl;/- proportional to the .velocity of 
defprmatiou and, by introducing this- concept (J = Kf + 

p. 'into the preceding equations, we would have oscil- 
lations. who.s© amplitude would decrease more or less rapid- 
ly. Por- plywood, Plank's hypothesis is not even approxi- 
mately correct.,. Por metals, the damping effect seems to 
reach values considerably above the proportionality limit. 
This is why duralumin bottoms can support excessive' loads 
without f.ailure, while merely developing, permanent . bulges, 

- It is concluded' that the safety against failure, con- 
sidering the rapidity of the phenomenon, is greater than 
that shown by the calculation, on the condition of not ex- 
ceeding the ultimate strength of the material for alter- 
nating loads. Within the elastic range, which alone is 
of interest here, the damping of the o scillat iorB seems to 
be negligibly small. Especially for seaplanes with du- 



*In a subsequent paper, Pabst modifies somewhat the take- 
off data to agree better with those obtained experimen- 
tally. The few changas are, perf ectly acceptable. 
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ralumin floats, we may qonsider , aa the -maximum value of 
the stresses on the seaplane, the value corresponding to 
the maximum oscillation of the value- J^, since it may "be 
assumed that, owing to the difference "betwea-n. the" frequen- 
cies a' . and n"., at the instant of maximum amplitude ^ 
of the larger vibration,- the smaller and more rapid vibra- 
tion has already died out. Similar consideicatl oiis cpply 
to the impact force on a float since, in ccrrespondencQ 
with the. maximum amplitude of the more rapid, vibration, . 
the deflection of the slower vibration is just beginning. 
Hence the equations for the maximum impact forces;, may be 
simplified to 

max Ji -= E M xps 

, ; ■ . , , (20).. 

max Js. =- K M \|fi 

In the publication of January, 1931 (reference 10) , 
Pabst changes the value of Ma (equation 9) to 

Ma = P - cM , , ^ - (l - 0.85 2. - A (21) 

which yields slightly higher values, though even this for- 
mula is empirical. For the preceding arithmetical calcu*- 
lation, we find 

max Ji = 17,800 kg ; 

max Js = 36,800 kg ; 

Similar calculations are also applicable to flying 
boats, especially to large ones, the weight of whose en- 
gines and fuel is distributed over the wings. 

For the eccentric impact, by way of approsrimation, i.t 
is not only possible to consider the same formulas, biit 
also to use the mass M a,8 rieduced by .forjnula (14).* 



♦For V-bottomed floats, Dr, Pabst proposes a theory iden- 
ticail with Karman' s, as already explained by us, and ac- , 
cordingly disregards all elastici-ty of '"the seaplane and. 
of the float bottom and develops the following formula, 
which represents the impact force J of a boat or' flbsLt 
seaplane with a bottom V of p = (180 r-. 2a)-. k. 
(Continued at bottom of page 30.) 



~ = 5,9 or the bottom' pressure 
P 

p = 15:53 = 51£2° = kg/cm^ 1.8 ■ 
area 2..,06 ... 
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■ THEGHY -OF THE RIGID V BOTTOM ' 

Karman-'s theory was taken up a?id completed by Herbert 
TTagner, as already mentioned, (Eefererices IS and 17.) In 
order to make it apply to all V bottoms.,- tie expresses the 
shape of a normal isection of the .7 bottom by 

y = Oo 3c + ai x2 + as x3 + tta X* + (23) 

where the constants a are determined by the shape of the 
bottom, and he assumes (a hypothesis not adopted by Ear- 
man) that the values are so (infinitely) small as to make 
it possible to hold that the final relocities at the sur- 
face of the water, exclusive of the spray, are very close 
to the vertical. Under these conditions at the free sur- 
face, the velocity is vertical, while in the contact area 
the velocity decreases perpendicularly to the bottom, and 
therefore the motion of the water is approximately the 
same as that around a flat plate. (Fig. 35.) Eence tha- 
velocity Vy is 

Vy ^- - y . = (24) 



at the free surface corresponding to a point x of the 
bottom, at the instant considered, immersed for the half- 
width c, V being the velocity of immersion and c be- 
ing smaller than x. 

The veiocity at which the width of the contact area 
increases is dc/dt. Adopted as an independent quantity. 



♦(Continuation of footnote, page 29.) 



V May 



V 2 l> ^ ^ 



I being greater than 2c, the usual notation. This for- 
mula is identical with Zarman's, if we take for the accel- 
erated mass of water that of formula (8) instead of the ex- 
perimentally correct one (formula 9), According to this 
theory, the load factor j/P = u is constant for the whole 
s'eaplane. The maximum pressure occurs at the beginning of 
the immersion and has the value indicated by- jSarman, as 
given by* formula (6), 
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tlao ratio of '^""tHe.ve loci ties a' =• -r-, it follows that the 

■ dc . 

rise r\ of the superficial particles of water, correspond- 
ing to the ahscissa -x, is . 

r\ = A dt = A g^-S— .. • . . (25) 

where t = t (c) and ' dt = dc, Following the phenom- 

-■"„■,■■' ;\ ,.: dt 

enon of immersion, there will come an instant at which the 
particle of water corresponding to the ahscissa x will 
touch the "bottom, when Tj = y and x = c and hence 

y = a —rA~ (26) 

which is equivalent to y = y(x), giving 

a = §• + ai c + - as + I as + p- a* c* (27) 

TT ° 17 2 Sir 

Hence the ratio O for every half-width c ■ of the contact 
zone is defined for any given float "bottom, 

Ihe maximum pressure is in the spray and corresponds 
to that of the hanking up of the water, whose velocity is 
dc/dt and therefore, having called m the mass per unit 
length I of the immersed part of the float . 

P Yo^ 1 /^oN 

having assigned to u = ^ - TJ , P ^ the same meaning (formula 

2 m- 

2) as in Earman* s theory and, since, in this assumption, 
the accelerated water is that of a semicylinder not cor- 
rected "by Pahst^s experimental formula, and also "being 
assumed con.sJ,arit , the quantity of motion in the pr.op.aga- 

tion of the phenomenon, for which 7 = :; (formula -1), 

.... 1 . + , 

In the zone of" contact ■ x < b, the water pressuro,. 
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„ _ P Vo^ 1 

p \ — 

• (l.+M.) 



a 



(29) 



is. composed of three terms. The first depends on the in- 
crease in the size of the impact area; the second, and 
the negative term, ori this retardation of the water and on 
the elliptical distribution, and the third term, which 
contains the square of the velocity, is quite small in the 
central portion of. the "bottom. Only at the edge, where 
X approachesc, does it attain' any appreciable value, 
3y integrating along the width of the surface of immer- 
sion and disregarding the inf initesimal . terms , we obtain 

J ^-TT P Vo^^ £ (30) 
I (1 + n)^ o ^ 

The depth of immersion is 

t . c 
T = / V dt = / a dc (31) 

0 0 

EXAMPLES 



A) Two floats,, in which all the other conditions 

(m, 7oi shape, etc.) are identical, but the bottom of one 
is twice as sharp as that of the other, are first com- 
pared, For the one with the sharper bottom: 

a) In the central part of the float, the impact 
forces are very nearly half as great as on the one with 
the flatter bo.ttoni. Prom formula (29), by disregarding 
this third term, p is obviously proportional to l/cj; 

b) The maximum pressure at the edge of the contact 
surface is very nearly one-fourth that of the flatter bot- 
tom, it being obvious from formula (28) that p max is 
proportional to l/a^ (equation 30); ^ 

c) The total impact force is approximately one- 
half that of the flatter bottom* 

B) By varying the mass loading m on the same float 
with "a concave V bottom, which can be done, Yq being 
constant, by varying the length I of the impact zone, or 
by considering two impacts, one on the step and one for- 
ward of the step: 
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d) At the 'beginning of the impact, the 'bottom V 
'being rather sharp, the velocity of immersion is great; 

e) In the case of small m, the retardation 'being 
already sufficient, the impact forces are not great, while, 
in the case of large m, the, float, 'being 'but' slightly 
retarded, strikes on the flatter part of the 'bottom and. 
the pressures are great. If the hottom V hecomes zero, 
the theory gives Infinity pressures. 

0) By varying the shape of the tottom: Figure 30 rep- 
resents, for successive contact widths c in meters and 
for '7o = 3 m/s (9,84 ft, /sec,), the time in seconds 
from the beginning of the impact, the velocity ratio v/Vq 
and the impact forces J corresponding to a weight of 
4,000 kg (8,818 I'b,) por unit length. The impact forces 
J arc also plotted for 8,000 kg (17,637 I'b.) and for ^. 
Tho "bottom, for which J remains constant during the 
whole impact, is flat in the central portion, where it has 
the shape of a paralDola, The three examples give a very 
clear idea of the effect of the shape of the V "bottom. 

A "bottom with straight sides shows a maximum value 
for J toward the center. In practice the maximum is 
less, "because the "bottom is here more yielding than at the 
keel or chine. The concave "bottom "V has the maximum pres- 
sure at the chine, which may "be disadvantageous, For a 
given "bottom 7 with straight lines, a value of c is at- 
tained, at which the impact force is the greatest. It is 
of no advantage to increase the width of the float "bottom 
'beyond this value, unless the "bottom V is made a little 
sharper. It may happen that, for very short impact 
lengths I, greater impact forces will "be produced in 
floats of longer hase, but these are unimportant, due to 
tho smallness of I, For concave "7 "bottoms the impact 
forces are generally greater than for straight "7 "bottoms, 
"but the forces diminish in proportion as the "bottom is 
widened, A greater width, however, involves greater dif- 
ficulty of construction and a greater lia'bility of "bounc- 
ing in a faulty landing. 

In the case where the "bottom shape varies from sec- 
tion to section, we will consider an element d I of the 
float for which it is possi"ble to consider the plane phe- 
nomenon. The preceding principles aipply to all such ele- 
ments. The immersion depth T with respect to the orig- 
inal undistur"bed surface of the water is given "by equation 
(31), when a refers to the s ection under consideration. 
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sp that, for.iuiy immersion depth T, the width c is de- 
termined for any section and the total impact ■ force from 
equation (30) written 

(1 ■+ ^i) 0 ^ 

In this equation, when, in any -section, the contact sur- 
face reaches the chine, c = b/s and u = <», Then it 
follows from equation (2) that . 

I 

M. ^ °^ ^^^^ 

where M represents the total mass. Having u,, it is 
possible to calculate p, 7, Pjnax» ©tc,* 

Thus far a planar flow has been assamed, notwi-thstand- 
ing the escape of the water fore and aft. This phenome- 
non is negligible, so long as the ' impact length I is 
enotLgh larger or smaller than the impact width b, but, in 
the rather frequent case when I and b . are of similar 
magnitude, the calculated values are subject to consider- 
able variations, due to the variations in the quantities 
of water accelerated,* . 

The preceding theory is subject, however, to other 
corrections (as observed by Wagner), when it is extended 
to larger values of the bottom V. The ratio bet^7een the 
actual impact force and the calculated J is given 

-by the formula. 

, cc ^,^a a, i 



- - 0.15 In ~ (34) 

TT TT TT a 



where a is the incidence of the float- bottom at the edge 
of the impact surface, . 

For the straight-V bottom, Jigure 37, in which is 

1 J,, 

also plotted the curve — •=^, shows that the impact force 
varies with an* . Hence the ratio is approximately 



equivalent to the ratio of the dynamic lift Ag t 



0 



,*^See,,what we h^iy.e .already written concerniJig„the thdory 
esrpbunded by Dr. P'abs^ for taking, this fact' i'titio account. 
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■ -^^ ■'■■>gd. = '-^^^",<'^ • C35) 

corresponding to. the "■bottom y with, straight lines ao and 
0 (h being the' width of the step, v the velocity of 
rolling, and k the incidence of the float bottom at the 
step). Figure ■ S7 . gives a^ idea of the behavior of the 
bottom V in landing or taking off, and it is. obvious that 
the variation- in the impact .is great, while tho dynrmic 
lif t. ip taking off is small;* 

Wo thus have the clement s for calculating the reac- 
tions' under tho 'bottom of a projoctod 'eoaplano, .If Mr 
represents the reduced mass of the seaplane for a given 
position of the impact force, then, according to equation 
(30) , th'o total impact force is 

(1 + klp a 

where (according to equation (2)), 

k = P C^ 

2 Mr " 

Differentiation according to I yields the length 

I =•-— ■ (37) 

• P TT C^ 

of the contact zone fpr which we obtain the rdaximum impact 
force ' ' ■ • . 

•JmaJc = 0.3 Tp* (38) 

For each' width c there i-s a maximum impact force, Tho 
sibsolute maximum: is obtained with the minimum valuo of 
O c. _ . 

fin taking off, the hydro dynamiq resistancd of tho float 
, Ra .= K Cf 1- P vS b I = J. P v2 bfS: k3' . +' 0^025 " 
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Iho valuo of tho atsoluto maximum impact f orco, in tho 
case of a 7 'bottom with straight -eidos: and constant an- 
gle, is easily found to be 

/ ■ 

max Jmax = 0,835 V P Imax (39) 

wiiere ^max • maximum length of the contact zone, 

taking into account the seaway which the float must naTi>« 
gate* She maximum Jmax acts at ^max ^j^^sad of the 
step, for which point the reduced mass Mj. must also he 
computed, 'This formula is also approximately correct for 
a variahie hottoni V, when ao has a suitable value. 

We must also determine whether, for the given loca- 
tion of the impact force, the hottom has' at least the half- 
length I according ta'equation (37), or whether, taking 
into account the seaway which the seaplane must navigate, 
the calculated length I is still possible. Otherwise we 
nust determine c (from equation 37) for the actually ex- 
isting- I corresponding to this value ac and then calcu- 
late Jmax from equation (38), 

For a projected seaplane float, it is then easy to 
calculate the absolute- values Jmax ^* various points on 
the keel and, after determining the possible lengths I of 
tlie contact zone, to compute the values of Jmax corre- 
sponding to the lengths I, Tfe thus obtain as many groups 
of curves as there are assumed widths b of the float at 
the step, and as many curves as there are assumed shapes 
of the V' bottom. These curves all begin at the step, 
first follow an almost rectilinear course,, then bend and 
reach zero at the bow of the float, Pigures 38 and 39 
represent the results of the calculations for the same 
float weighing 15,000 kg (33,070 lb.) and having a speed 
of 5 m (16,4 ft.) per second, Figure 38 is for a straight 
V bottom and Figure 39 for a concave V, the width at the 
step being rospectivels^ 2 and 3 m (6,56 and 9,84 ft,). 
The impact lengths were 1,5 and 3 m (4,92 and 9.84 ft,),. 
For the flo&t with the straight V bottom, the maximum 
values wore obtained for c < 1 m (3,28 ft,) and Jionco 
the wide bottom is not subjected to greater impact forces. 
For the narrow float with concave bottom V, the impact 
foTces are 'greatest when the -contact surface reaches the 
chine,' The wide' float is subjected to smaller impact ' 
forces. The maximum impact forces are therefore absolute. 
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Hence it is possible to calculate, for any projected type 
of float, the reactions on its bottom in landing, when 
tho elasticity is negligible with respect to the effect 
of the bottom V. The tests made in G-ermany and summarized 
by us (fig* 29) practically confirm the curves given by 
tho calculation. (Figs, 38 and 39») 

Dr, Wagner's theory onablos us" to dotermino the order 
of magnitudo of tho forces and their di stribution" with suf- 
ficient approximation. It is based on the hypothesis of 
the smallest kejsl angles for which the elastic effect of 
the float bottom is important and extends the theory,, by 
means of an empirical formula, to larger angles for which 
•the effect of the elasticity Is very much less. This fact 
must no.t be overlooked, .Dr, Wagner's reasoning on the 
effect of the .elasticity of the bottom for very small keel 
angles, as a special preexisting bottom shape., must be con- 
sidered rathor bold, since the elastic deformation has two 
distinct of foots, the first one being a variation in tho 
shapo, of which Wagnor ' s theory takes account, Tho soc- 
ond offoct is tho absorption of a certain, kinetic energy, 
duo to internal deformation work of the bottom. This is 
tho groat or offoct of tho two and is not takon into ac- 
count by Wagnor 's theory. To this causo in particular aro 
to bo attributed any di scropancios botwoon the pressure 
diagram according to Wagnor ' s theory,, as dotorminod across 
tho width of tho 7 bottom, and tho diagram obtained by 
tost measuronont s. 

« - 

PEE.SEUT ACOEPTAjrOB REQUIREMENTS 



Wo consider it pertinent to tho problem under consid- 
eration to mention briefly the present requirements in 
various cou.ntries. These requirements, which are general- 
ly applicable in principle, to all cases, are therefore 
conventional, but give, the order of magnitude of the 
forces to be considere.d, Italian regulations have always 
spocifiod that acceptance conditions shall be revised from 
tine to time, as occasion demands, . On the other hand, the 
0*1. .17, A,- (Commi ssi:On , Internationale de Navigation Aerienne) 
has not yet established any rules for ., the acceptance of 
floats. ■ • . 

For Trance the Bureau Veritas has fixed the pressure 
which must be withstood by the bottotn of a f;l..oat -and con- 
sequently by other parts of the same float. This upward 
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pressurei on th,e l3ottom:i:3 given i it kg/cm® by the formula 

Vnin 'being the minimum speed of sustentation of the sea- 
plane in km/h, and K, a coefficient dependent on the bot- 
tom angle at the step, 

ct =^ 6° 10° 15° 

■ K = 1 0.9 0,7 0,5 . 

Thi s pressure, is not uniform, however, along the whole 
float ,^ but takes the form shown in Figures 40 and 41, ac- 
cording, to whether the float, has one or two steps. The 
distribution is uniform according to the width of the 
float. Moreover, a float rigi'dly fixed at the height of 
the step must withstand a binding stress corresponding to 
the application . to its bottom of loads ono-half those do- 
fined by Figures 40 and 41, 

.She attaclunents of heavy parts, capable of developing 

con.sidorable forcos of inertia in taking off and in land- 
ing,, shall be so calculated as to be ablp to withstand 
Vertically the weight of the parts supported multiplied by 
five, ..or, if it is groatcr, by the ratio of the load do- 
finad by Figures 40 and 41 to the weight P of the sea- 
plane; also to be able to withstand horizontally twice the 
anticipated forco duo to the inertia of tho massos to bo 
supported. In the case of seaplanes with two float Cs each 
shall be considered as a simple float with the cc!.-.'-.i.i tlon 
that the coef f i cie.nt K shall be multiplied by OccJc 

.Ihe T.rench litjaf ature.^, as well .as the Italian, is very 
poor in compafison' with the others mentioned. According 
to an .article by' S, BarriLllon .(reference 3) , engineor-in- 
chiof of. .the naval. e(ngineer.St which he dwells on tho 
strength 'conditions of seaplane floats, and investigates 
the vario.us phases , of motion in taking off and in landing, 
we may conclude, with Bout iron, that one of the principal 
ca,uses of the delay in. solving the problems of taking o-ff 
and landing will disappear with the establishment of the 
naval basin at Marignane, 

The British, however,' on the "basis of their own ex- 
periments, conclude that: 
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1» The foretody of a twin-float seaplane must with- 
stalild 61 load of 3,5P uniformly distrilDuted oveir a zone as 
wide as the hottom of the float and that extends from the 
step to the heginnlng of the 7 "bottom at the ho'vr (fig. 42) ; 

2, All the parts, koeX, keel sons , iplanking, etc. of 
the forohody must withstand a load five times that acting 
on these parts when the float is immersed to its water 
line; 

3, fho after hody must have the samp strength as the 
corresponding part of the fusolago; 

4, The ports, windows and gun rings must be rein- 
forced locally at the edges, so as to withstand the 
stresses. The walkways and floors must jbe able to support 
1,220 kg/m^ (249,88 lb. /sq.ft.). The United States, as a 
result of their tests, decided that (always assuming the 
horizontality of tlie iazis of thrust) it was necessary to 
consider three dangerous conditions and verify ,the break- 
ing strength: 

.1) Normal how landing; the reaction of the e.g. in 
the plane of symmetry of the seaplane, hut so inclined 
that, on the axis of thrust, there is a coiaponent 1/4 of 
the other component normal to this (fig, 43) and with a 
value of 8P', where P' represents the weight of the 
floats and of their supporting members; 

2) landing on the step with reaction passing 
through the e.g. normal to the axis of thrust, with tlie 
value 8P» (fig., 43); 

3) Landing with lateral load. The vertical forces 
arc disregarded but, in the pl,ano normal to the axis of 
thrust and passing through the center of grdvity, ia libri- 
zontal force of 2P acting on the one float (fig^ 44), 

or equally distribuied over both afloat tii . and acting, at half 
the depth of the submerged portion of the float, is cson- 
sidorod,, Moreover, the i<merican rules prescribe for con- 
ventional seaplanes the pressure distribution shown in ' 
Figure 43» . .. 

G-ermany .in its latest; regulations, still in the ex- 
perimental stage, .defines the cpQ^ficient of impact as 
the product 

U = Co Ci Cs C3 ^ + ^ V^-^ (40) 

Jff ji mi M 

1 + JY + 



•40 
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wlier.e Cq- ~ .l/l25 to l/95, according to tjie seawaj^ on 
• which the seaplane must land; 

c^ = 0,9 to 1,1, according to the ro"bustness of 
the 8 eaplane ; 

ca = 1 - 0,7 cos (90° - a°) , according to the 
hottoin angle. at the point of impact; 

Cg = a coefficient to allow for special configTira- 
tion of .the float 'bottom; 

V ^ horizontal velocity of the seaplane in km/h; 

P =. weight in metric tons. 

The following d^ses of landing will he considered, ' 

1, Normal: a), on the tow; "b) on the step; 

c) on the stern." 

2, On a single float: a) on the bow; J)} on the 
.. ' ■ step; c) on the stern. 

- '3, Lateral: ' a) on the how; h) on the step; 
• c) on the stern. 

The value and point of application of the force in case 1, 
normal, are indicated on Figures 45 and 46, which refer 
to the twin-float seaplane and to the flying boat or sin- 
gle-float seaplane, , respectively. In. case 2, landing with 
a single float, the same figures apply, hut the' forces are 
halved and applied either to the middle of the lateral 
float or to a quarter of the width of the .bottom of the 
hull. For a lateral landing, case 3, always to be con- 
si.dered in connectloit with case 2, Figure* 47 and 48 apply, 
on which' the' magnitude of the horizontal forces are indi- 
cated for the three cases a,, b, and c'with the same points 
of, application as. in the normal case. 

The safety factor is 1,55 for the twin-float seaplane 
and 1,8 for the single-float seaplane and for the flying 
boat. The maximum pressure on the bottom for the calcula- 
tion of the Ipbal strength of the main step will be that 
corresponding to 1,6 u P, distributed over 20 per cent" of 
the submerged area; The displacement of the principal 
float or of the hull, is , at, least enough to support the 
-weight of the seaplane multiplied by- 1, 8 or 2, according 
to the seaway. 

All these regulations are therefore deduced from ez- 
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periments, tut the presence of formula (40) in the German 
specif ications shbvs that theoretical .investigations are 
also involved, . 

DBDUOTIONS ASH CONCLUSIONS 

From the foregoing it may te concluded that a flat 
bottom undergoes an impact force determ,ined "by its own 
elasticity and hy that qf the whole seaplane, whose value 
is given "by the second formula (20) or "by 

■ -Js = To V K M ^1 (41) 

whore tho elastic, properties are. comprised in E and in 

A rigid , V "bottom of o. rigid seaplane undergoes an 
impact force which m^. "bo roprosontod by ' ' 

J = Vo= y P I M I . . ' " (43) 

where the form characteristics of the V "bottom are com- 
prised in a and in |. It follows from the foregoing 
that the impact force is always proportional to the sqttare 
root of the mass, so that, for seaplanes which are similar 
geometrically and structurally, the. impact force- varies 
as the square root of their weight, and the impact factors 

u =. |. (43) 

vary inversely' as the sqiiare" ro.ot of the mass or weight. 

ThUiS far the formulas (41) and (42) for J agree* • 
This agreement ceases, however, when wo consider tho othor 
quantities contained in /^hem. A rigid V "bottom of. a rig- 
id seaplane comprises, in formula (43) for J, the sqniaro 
of tho velocity • The flat "bottom resists:, howovoi", 
if it and the whole seaplane are elastic, and comprisos 
tho first power of said velocity, formula (41). ITbithor 
a V "bottom nor a seaplane shall longer "be rigid, and there- 
fore ovon V "bottoms must "bo elastic. The shape of the "V 
bottom, dotorminos what olomont shall havo the groator of- 
foct in tho d'ofinition of J, t.hb blastictty or the- bot- 
tom V. It is doubtless possible to imagine a. hottom V so 
pronounced that tho offoct of tho olasti city is almost 
negligible, while small' values ef the ■bo:ttoni V would yield 
very large values for J, if not favorably affected "by 
the elasticity, Por small values of the "bottom "9", it can 
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be easily included in the case of landing with, a flat hot- 
torn. Hence^ for .a given length I of the- impact or con-, 
tact surfa.ce, a criterion to "oe kept in mind is to con- 
sider a hottom as V-shaped, if the mean value of its hot- 
torn angle is always greater than the maximum heeling possi- 
ble in landing. In this case, formula (42) is applicable, 
on condition that it does not yield values greater than 
those given by formula (41), In any event, there will ex- 
ist a mean value 0^ of the bottom T for which formula 
(42) yields the same value as the one given by (41) for 
the same structural and landing conditions, f hi s common 
value of J, taken as unity, will give, in a certain man- 
ner, the measurement of the effect of the bottom V, 
Greater values will give percentages less than one, while 
smaller values of the bottom T will give percentages 
greater than one, which cannot be considered, because the 
structural elasticity comes into play. For a straight. "V 
bottom we have plotted in Figure 49* the curve of the per- 
centile variation of J in terms of the bottom V, having 
assumed Jq, for a° - 8° 30', to be equal to unity, be- 
ing verified for this value and for the length I .of the 
chosen impact surface, the equivalent of J in formulas 

(41) and (42), From the coordinate points 0 and 100, we 
have- draiwa the tangent to the curve, indicating on the.. ■ 
curve the point of the coordinates i and aj.. This tan- 
gent can represent, with the remainder of the curve, the 
percentile variation of J for variations in the bottom 

V when Jq = 1, The resulting curvilinear triangle indi- 
ce.tes in per cent the part of J due to elasticity, which 
is disregarded in formula (42), The possible landing 
sp.eeds can be determined from these curves, 

3y equating the first members of formulas (41) and 

(42) for a constant bottom V with, straight sides, we ob- 
t a,i n 

■ Xo. ^ 2 « / g_ .±x 

Ctia TT I 

where" a is the inclination of the bottom and, since we 

are dealing with small angles we can consider the 

arc as equal to the tangent and the sine, K and '^^ are 



*As it is easy to see, the result is a hyperbola iref erred 
to the asymptotes, and it is easily shown, to be qCr — 2ani» 
and the ordinate i = 100/2, 
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constant for a given seaplane* il'^,'*^^; assume I ^P- con- 
stant and rememter that I . varies ..b3t...au.f.evir. pel* ..cent , we . 
may consider ctjnf and therefore ' dri ■ direct.ly proportioqi- 
al to Vq. 

Jigiire 50 represents, for Jq 7= IQO corre sponding . to 
a- predetermined velocity Vq , the vatues of J for vari- 
ous velocities 7q, having chosen these respectively, 
0,7, 0.8, 0.9, 1.0, 1,1, '1.2, 1,3 times - Vq, and ha,yine 
designated' as ahscissas, besides the values of a, also 
the values p° = 180° - 2a°, The values of Om and ar 
are all on two straight lines issuing from 'the origin. 
Knowing any value of J, Figure 50 gives the impact' force 

in every case. Note that the straight line y = i JLQ. JL 

■ ■ 4 Vo ctm 

divides the diagram into two parts. The points of this 

1 Vq- « 

line correspond to y = p =— . I'or values of .a < 2. otja ■ the 
equation is y = (^l-i-~ Zo.]\ while for values of. a > 

2 ou, the equation must he y = It is also possible 

a Vo .. . 

to plot a figure like Figure 50 for -V bottoms wi-th curved 

sides, ' • 

In order to utilize the structural elasticity of 'the 
seaplane in determining the impact force J.^ , let us note 
that the first of the formulas (20) , 



Ji = VoV K M 92 . (44) 

compared with formula* (41), gives 

J^=iiJ./^^i(A + B-0) . (45). 

and, if we disregard the value of C, which is small with 

respect to A + B, and the value of s^/r w, which is of 

a lower order of magnitude with respect to the others, we. 
obtain 



which, with the 10 per cent approximation, gives, the ratio 
between the impacts oh the bottom and in the center. This 
formula also' shows the manner Of introducing the elasticix 
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ty ratio e/c, the inertia'ratio s/w of the float and 
of the accoierated water, and s/r of the float and all 
other parts of the seaplane. ' 

We have, therefore, all the data for determining the 
maximum stresses in landing and in taking off, "when the 
mechanical and strtictural characteristics of tho seaplane 
are. known. What has heen said regarding the values of J 
also applies to' the values of u. In the ahsence of the 
elastic ■.characteristics, it is necessary to resort to ex- 
perimental determinations on other seaplanes. 

The experimental results lead to the conclusion that 
the flat "bottoms support t^e, greatest load, "but the load- 
,on sti'aight- sided V "bottoms increases proportionally with 
the increase in the "bottom angle. It may "be assumed that, 
for a V bottom with a.Q = 0,3, the maximum contingent 
stresses .aro a"bout as' follows} . 

A) If the wind velocity is zero or in, tho direction 
of motion of thd seaplane: 

1, In a normal landing on the step, which also 
corresponds to one made in line of flight, with a h9rizon~ 
tal speCd of 80 to 120 km (50 to 75 mi,) per hour and the 
corresponding attitude, the maximum reaction occurs imme- 
diately forward of the main step for the duration of 0,01 
to 0,05 second with a resultant passing very near thecg, 
of the seaplane having a di stri"bution, which may "be as- 
sumed to "be unifprmj of a'bout 0,65 kg/cm^ (9,24 l"b,/sq,in,) , 
or triangular in plan and in height, with a maximum value 

of a'bout 0,8 kg/cm^ (11,38 l'b,/sq,in,) at the apex, de- 
creasing toward the chine to almost 0,4 and toward the "bow 
to almost 0,65, The magnitude of the central resultant 
may amount to 4,5P, "but the 'bottom of tho float supports 
ah acceleration of about 2g moro; It is interesting, how- 
ever, to noto that taxying on waves 50 to 80 cm (19.7 to 
31,5 in.) high may givo. similar values of tho resultant, 
because tho fall from the wave produces a vortical veloc- 
ity of 3 to 4 m/s (9,84 to 13,12 ft./sec.)» which, com- 
binod with that of translation, yields loads nearly equal 
to tho procoding, 

2, In landing on rough \vator, tho forco is applied 
toward the middle of tho forebody of tho float with an in- 
tensity slightly loss but of tho same duration, and with 

. t-riangular configuration but of constant value to tho for- 
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ward limit, with increasing pre ss.iire halfway to the step. 
The yerticfil. acceleration remains the same,, while the hor 
izontal acceleration is somewhat greater and attains a 
value 0«9g in the direcrtion. of the axi.s. .. ■ • 

3, In taking off or taxying in a seaway, the max- 
imum reaction occurs at the how with an approximate in- 
tensity of 2/3 in the fifst. case with resultant of plane 
of symmetry of the seaplane, and inclined af t,, so as to 
form an angle of 10 to 20° with the normal to, the line of 
the koel. As regards the point of application of the re- 
sultant, it may he assumed to he at ahout the center of 
the forehody of the float, 

4, Landing on th© after hody, which., also" corre- 
sponds to violent pitching on rough water, . Thb .'.rosultant 
is always in the piano of symmotry and applied normal to 
tho kool abaft the. step with uniform or trapezoidal dis- 
tribution, greater pressures toward tho stern, intensity 
of forco 0.5, case 1, It is also well to romombor tho 
pronounced lift of tho wing in this case, 

. , . ■ . • ■ • . -• ■ 

B) In a cross wind: 

im The oxporimonts show an accoloration of about 
1/7 of the maximum vertical. Horizontal forces are con- 
sidered in planes .normal to the axis of thrust, passing 
through the points of application of the forces in cases 
1 to 4 and applied at half the immersion depth of the sec 
tion on which they act .and having a magnitude of>l/7 of 
those corresponding to the preceding cases and with uni- 
form distribution ovor the side or sides in correspond-, 
once with the distribution of the predicted .forces. 

Translation by Dwight M. Minor, 

National Advisory Oommittoe ' " 

.for Aeronautics..,- 
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Fig. 1 Coefficient of impact in landing. 




Pig. 2 Plow and pressure distribution at origin of 
spray 
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Fig. I? Effect of size of waves on impact area and 
on attitude of hull after striking. 
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Fig. 4 Watenabe's experiments. ImpEict force plotted 
against the weight dropped. 
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Fig. 6 Lines of uniform pressure on a flat plate. 
Velocity, 16.5 lon/hr 
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Fig. 8 Pressure at X plotted against velocity. 
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Fig. 11 Hull lines and pressure stations of the H-16 flying "boat. 
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Distrihution of maxirnum water pressure on the UO— 1 seaplane 
float bottom. 




Fig. 13 UO-1 seaplane float hottom showing the distrilmtion of maximum 
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Fig, 18 Distribation of maxinnun water pressures on t]3.e H-16 hull in landings. 
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Pigs .29, 30, 31 
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Pig. 29 Max. impact force in talcing off and in landing. 
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Pig. 31 Landing of seaplane on a wave. 
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Pigs.32,33,34 
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Fig. 33 Diagram of seaplane-float system. 
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Figs, 35,36,37 
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Fig, 35 Field of velocity on impact. 
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Fig. 36 Variations of J with variations in shape of 
hottom and in weight P, Vq= 3 m/s. 
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Fig, 37 Variation of inipact force, 
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Fig, 38 Impact forces for P= 15 tons and Vq= 5 m/ a for length 
1= 1.5 and 3 m and majcinium impact forces. Straight 7. 

ao= 0,25 
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Pig. 39 Impact forces for P= 15 tons and V = 5 m/s for 1=1.5 
and 3 m and maxinrum impact forces. Concave V 'bottom. 
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Figs, 40,41,42 




Fig. 40 Pressure distribution according 
to "Bureau Veritas" . 




Fig. 41 Pressure distriliution according 
to "Bureau Veritas" . 
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Fig. 45 
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FigG. 46,47,48 
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Fig. 48 
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Pigs. 49,50 
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Fig. 49 Variations in impact force with, 
"bottom angle and elasticity. 
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Pig. 50 Variations in inroact force. 
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